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Methodologic and kinetic properties of -y-aminobutyric acid (GABA) binding were studied
in platelet materials of different nature. Platelet GABA binding was saturable and specific. LiCI
and RbCl added in vitro at concentration of 0.01 mM increased significantly platelet GABA
binding. This activator effect, and its kinetic characteristics were different from those obtained
for GABA uptake and 5-hydroxytriptamine (5-HT) binding, which suggest that the three
processes are different in platelets.

y-aminobutyric acid (GABA) appears
to be the major inhibitory neurotransmit
ter in the mammalian central nervous sys
tem (CNS) (2, 12, 19) and deficits of
GABA have been implicated in certain
neurological and psychiatric disorders,
such as Huntington’s chorea, Parkin
son’s disease, epilepsy, ansiety, schizo
phrenia (16) and affective disorders (6,9).
Some of the components of the brain
GABA-system are also present in the pe
ripheral nervous system, where GABA is
not a transmitter. This first came to light
in experiments on mammalian sympathet
ic ganglia, where the normal transmitter
is acetylcholine.

Since it is known that blood platelets
contain several neurotransmitter recep
tors such as dopamine (DA), noradrena
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line (NA) and 5-hydroxytryptamine (5-
HT) (5, 11, 13, 17) and blood platelets are
able to accumulate GABA by a specific
and high affinity uptake process (7), we
investigated the possible existence of a
GABA binding process by platelets.

Moreover, since the GABA has recent
ly been implicated in affective psychiatric
disorders in which lithium salts have a
well established therapeutic effect and ru
bidium salts have recently demonstrated
an antidepressive effect (4), we have
examined the effect in vitro of lithium and
rubidium chlorides on these possible
GABA platelet receptors.

Materials and Methods

Blood was obtained by venipuncture
from healthy volunter donnors of either 
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sex between the age of 26 and 51 years.
The blood was taken in a polyethylene
syringe with ACD-A (1) as anticoagulant.
Polyethylene tubes and polyethylene pi
pettes were used throughout.

Platelet materials

Platelet rich plasma (PRP) was ob
tained by centrifugation for 8 minutes at
300 x g in a refrigerated centrifuge Sorvall
RC-5 at 15° C. Subsequent platelet isola
tions were made by discontinuous dex
tran gradients (Pd) according to GRAF'er
al. (10) or by gel filtration platelets (GFP)
according to Levy-Toledano ei al (15)
technique. Platelet membranes (Pm) were
obtained by streptolysin O rupture in
tyrode-tris buffer pH = 6.5 at 37° C and
subsequent ultracentrifugation at 15,800
x g in a L5-50 Beckman ultracentrifuge.
Platelet counts were made by means of a
Contrast Phase Microscopy. In each
case, platelets counts were made in tripli
cate utilizing 10 /zl aliquots of suspended
platelets diluted in 2 ml of \% ammonium
oxalate. The platelet preparations were
resuspended in tyrode-tris modificated
buffer at pH = 7.4 (8) by rapid mixing.
These preparations were observed under
contrast phase microscopy and was not
displayed platelet aggregation.

G/AB/4 binding

Binding of [3H]-GABA was deter
mined by incubating, in triplicate, 100 pl
of samples containing a variable number
of platelets previously fixed resupended
in tyrode-tris buffer at pH = 7.4 with 50
pl of various concentrations of [3H]-
GABA between 2.5 x IO’8 M and 10’10 M
final concentration. Incubation were car
ried out at 4° C to inhibit GABA uptake
during a previously fixed time. Samples
were preincubated before binding studies
during 10 minutes at the same conditions.
Following incubation, 1 ml of ice cold 

saline solution was added, and radioac
tive platelet pellets were quickly isolated
by filtration on Whatman GFC filters. Fil
ters were washed twice and then transfer
red to scintillation vials to which 10 ml of
counting fluid was added. Platelet ra
dioactivity was determined by liquid scin
tillation spectrometry using a Packard
Tri-Carb counter model 2425. Counts
were determined with internal standardi
zation by the sample channels method.
Non-specific binding was determined in
parallel experiments by addition of unla
beled IO"6 M GABA. This amount was
subtracted from total binding to obtain an
estimate of specific GABA receptor bind
ing.

In vitro effects of Li Cl and PbCI

When the effects of lithium and rubid
ium were studied, LiCl and RbCl re
placed to equimolar quantities of NaCi
from the suspension medium. This re
placement does not suppose any change
in either pH or osmolarity of medium.
Preincubation and addition of Li and Rb
salts was preformed together with
labeled-GABA in order to avoid possible
effects of ionic interchange and others.
The assayed [3H]-GABA concentration
was of IO-8 M and of unlabeled-GABA
10-6 M.

Results

On figure 1 is shown the effect of incu
bation time on different platelet mate
rials. It is observed that when Pd or Mp
were used there was a saturable kinetic of
binding in respect to the time, but when
PRP was used, specific [3H]-GABA bind
ing was very low and decreased with the
incubation time.

The idoneus platelet number was of 105
platelets/mm3 for PRP, decreasing at
greater concentrations and it was of
4 x 105 platelets/mm3 for Pd (fig. 2). The
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Fig. 1. Time dependence of specific [3H]-GABA
binding of platelet materials of different nature.

Different platelet materials (A) PRP, (•) PD (105
platelets/mm3) and MP (O) (0.5 mg of protein/ml)
were incubated for various times at 4° C in tyrode-
tris modified buffer, pH = 7.4, containing KF8 M
[3H]-GABA in the presence and absence of 10-6 M
GABA as described in «materials and methods*.
The points are the means ± SD of three experi

ments, each preformed in triplicate.

Number of platelets Zmm3(xX)’5)

Fig. 2. Platelet number dependence of specific
[3H]-GABA binding.

Various amounts of (•) PRP or (O) PD were incuba
ted for 10 minutes (PRP) and 30 minutes (PD) at 4° C
in tyrode-tris modified buffer, pH = 7.4. Points re
present the mean ± SD of three experiments, each
preformed in triplicate. Note that the different
scales are expressed in the same units (pmoI/109
platelets) in 10 minutes (PRP) and 30 minutes (PD),

respectively.

cjGFP ~ d)PRP
2 0 Kd-3.58*0.60 £2!- Kn>&65<0-87

GABA bound GABA bound C-kXj

Fig. 3. Scatchard plots of fiHJ-GABA binding in
different platelet materials.

Different platelet materials: dextran isolated plate
lets (PD), platelet membranes (Pm), gel filtred plate
lets (GFP) and platelet rich plasma (PRP), were
incubated in tyrode-tris buffer at pH = 7.4 contain
ing increasing concentrations, between 5 x IO-10 M
and 2.5 x Kk8 M, of 3H -GABA in the absence and
presence of 10* M of GABA, as described in •mate
rials and methods*. «KD» are expressed as nM con
centrations. «Bmax» are expressed as pmol of [3H]-
GABA/109 platelets, and «N» as number of sites
/platelet. Values represent the mean ±SD of three

experiments, each preformed in triplicate.

Table I. Effect of unlabeled 5-HT on \3H\-GABA
binding by platelet membranes.

Suspensions of membrane platelets in tyrode-
tris buffer pH 7.4, were tested in binding assay
with 10“ M GABA and 10"‘ M 5-HT, during
30 minutes, under conditions described in (Ma
terials and Methods» at 10“* M |’H|-GABA
concentration in the incubation medium. Values
represent the means ± SD of two experiments,

each preformed in triplicate.

• p < 0.001; “ N.S.

Conditions cpm % desplacement

10-'M |3H|-GABA 2438.5 ±48 __
+ 10“ M GABA 671.5 ±73 72.5 ±7.9*
+ 10“ M 5-HT 2361.5 ±29 3.2 ±0.04**



246 M.J. OSET-GASQUE AND M. P. GONZALEZ-GONZALEZ

Fig. 4. Effects of LiCI and RbCI on GABA binding on
dextran isolated platelets

Control platelet GABA binding, before (A—A) and
after addition «in vitro* of 0.01 M of LiCI (A—&)
and 0.01 M of RbCI (0— O). Points are means for
three experiments, each preformed in triplicate.
The SD was less than 3-10% of mean values. The
assayed [3H]-GABA concentration was of IO"8 M.

equivalency between platelet number and
mg of proteins is 109 platelets/ml is equi
valent to 9.2 mg of proteins/ml. These
amounts of platelets were used in all bind
ing experiments.

Under these conditions it was assayed
the effect of different concentrations of
[3H]-GABA from 2.5 x 10-8 m to 10-10
M. Scatchard analysis of binding data de
rived from experiments using different
platelet preparations yielded the binding
site characteristics shown in figure 3.

As platelets are considered as a 5-HT
reservoir, the effect of this neurotrans
mitter on GABA binding was assayed. It
was found that a concentration of 10-6 M
of unlabeled 5-HT was not able to dis
place GABA from its binding sites (table
I), while similar concentration of unla
beled GABA displaced it in about 73%.

When lithium and rubidium chlorides
were added in vitro at 0.01 mM concen
tration (a dose that provided a marked

reduced or increased platelet 5-HT bind
ing) (18), they increased significatively
the GABA binding by platelets at all
assayed times (fig. 4). Comparations be
tween LiCI and RbCI effects were not
significative.

Discussion

Results obtained with ligand-binding
have revealed the existence of a GABA
binding in human blood platelets. We
characterized this GABA binding by
studying different parameters in order to
obtain the optimal conditions for each as-

. say. The specificity of GABA binding
from different platelet materials was dem
onstrated by suppresion of [3H]-GABA
ligation by saturating concentrations of
unlabeled GABA.

Platelet GABA binding was saturable
in function of time when platelet mem
branes and dextran isolated platelets
were used, but with platelet rich plasma
the GABA binding increased until 10 min
utes and then diminished with increas
ing time.

The Bmax and number of sites of plate
let GABA binding was higher in PD and
diminished in direct relation in Pm, GFP
and PRP, respectively. The low Bmax in
GFP and PRP could possibly be due to the
presence of a binding inhibitor in plasma.
The Kd found in all materials indicate
that GABA binding in platelets is highly
specific (which demonstrates it could be a
real GABA binding) although its physio
logical signification is not yet explain
able.

There are also enough reasons to be
lieve that platelet GABA binding is differ
ent to the 5-HT binding. Our hypothesis is
based on two reasons: 1) 5-HT is not able
to displace GABA from their binding
sites, and 2) the effect of salts, subject of
our studies, LiCI and RbCI, have differ
ent effects on both binding systems.

Our data also seems to demonstrate
that these GABA binding sites are differ
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ent from those of GABA uptake by plate
lets since the affinity constants and the
LiCl and RbCl effects in vitro are differ
ent. So, LiCl and RbCl increased signifi-
catively platelet GABA binding, while
these have no effect on platelet GABA
uptake.

Further evidence is necessary to con
firm and characterize the pharmacologi
cal properties and biological relevance of
these preliminary results about the exis
tence of platelet GABA binding sites.

In the brain the GABA binding is corre
lated with its inhibitory neurotransmis
sion but in platelets it is not understood in
terms of its neurotransmission action. In
deed, several authors have reported the
presence of extrasynaptic GABA sys
tems, among them extrasynaptic recep
tors, but they consider them as a protec
tive device against untoward effects of
«overspilled» GABA on neural excitabi
lity (3).

Although extrasynaptic receptors for
neurotransmitters are not uncommon,
those for GABA are unusual in the sense
that there are not comparable peripheral
receptors for the other amino acid trans
mitters glycine, glutamate, or aspartate.
It may also be of some significance that,
in unmyelinated fibres, the two major ex
trasynaptic receptors —for GABA and
acetilcholine respectively— mediate in
creases in Na and Cl— permeability res
pectively, rather as though they are (or
were) intimately concerned with the gen
eral control of cationic and anionic per
meability, of which their synaptic func
tion forms a specialization. Irrespective
of its ultimate importance, the peripheral
GABA-ergic system has provided a use
ful model for studying the action and
transport of GABA (3).
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Resumen

Se estudian las caracteristicas metodologicas y
cineticas de la fijacion del acido •y-aminobutirico
(GABA) por materiales plaquetares de diferente na-
turaleza. La fijacion de GABA muestra ser un pro-
ceso saturable y especifico. Los cloruros de litio y
rubidio ariadidos in vitro a concentration de 0,01
mM, incrementan significativamente la fijacion de
GABA por las plaquetas. Este efecto activador, asi
como las caracteristicas cineticas del proceso, son
diferentes a los encontrados para la captation de
GABA y la fijacion de 5-hidroxitriptamina (5-HT),
lo cual sugiere que en las plaquetas sanguineas los
tres procesos son diferentes.
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